PUMPING LIGHT SOURCE FOR LASER-ACTIVE MEDIA 



This application is a continuation of co-pending, commonly 
assigned U.S. Patent Application No. 10/118,594 filed on April 
8, 2002, which application claims priority of German patent 
application no. 102 08 585.4 filed on February 22, 2002. 

BACKGROUND OF THE INVENTION 

The invention relates to a pumping light source for laser- 
active media, comprising an outer member enclosing a gas 
discharge medium, a first electrode acting as a cathode and 
having a first electrode end located within the outer member, a 
second electrode acting as an anode and having a second 
electrode end located within the outer member and a gas 
discharge chamber located within the outer member between the 
electrode ends facing one another. 

Pumping light sources for laser-active media of this type are 
known from the state of the art, wherein the problem always 
exists that the service life of such pumping light sources is 
limited, namely, in particular, due to several effects which 
are connected to one another. These effects are vaporization 
or sputtering of electrode material which is deposited, in 
particular, on the outer member and leads to thermal stressing 
thereof and, in addition, stressing of the outer member due to 
unfavorable gas discharge procedures. 

The object underlying the invention is therefore to improve a 
pumping light source of the generic type in such a manner that 
the service life thereof is longer. 
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SUMMARY OF THE INVENTION 

This object is accomplished in accordance with the invention, 
in a pumping light source of the type described at the outset, 
in that the first electrode end is essentially cooled by 
radiation and that a predominantly diffuse gas discharge is 
formed proceeding from an areally extended surface area located 
at the first electrode end. 

The advantage of the inventive solution is to be seen in the 
fact that the formation of a diffuse gas discharge, which, for 
its part, reduces the sputtering and vaporization of electrode 
material and, in addition, also favors the thermal stressing of 
the outer member on account of more favorable flow ratios 
during the diffuse gas discharge, is promoted by the radiation 
cooling. 

As a result, the service lives of the pumping light sources may 
be increased considerably due to the inventive solution. 

An areally extended surface area for forming the gas discharge 
in a predominantly diffuse mode is to be understood such that 
the surface area of the cathode has an appreciably greater 
extension than in the case of a so-called spot mode of the gas 
discharge, with which the gas discharge proceeds from an 
essentially punctiform surface area. 

It is particularly advantageous for the formation of a 
predominantly diffuse gas discharge, i.e., a gas discharge in 
the diffuse mode when the surface area has essentially a 
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uniformly high temperature. This can be achieved in a simple 
manner, in particular, by way of the radiation cooling of the 
first electrode end. 

It is particularly favorable when the surface area overlaps a 
volume area at the first electrode end which has essentially a 
uniformly high temperature. Any unfavorable influencing of the 
composition of the material in the surface area during 
operation of the pumping light source may, in particular, be 
avoided as a result of essentially a uniformly high temperature 
of the entire volume area at the electrode end. 

In order to ensure the formation of a diffuse gas discharge in 
the case of, where possible, all the operating states it is 
preferably provided for the surface area to be designed 
essentially free from steps. Such a step-free design of the 
surface area suppresses the tendency of the gas discharge to 
transfer into the spot mode and thus stabilizes the diffuse 
mode of the gas discharge to as great an extent as possible. 

In this respect, it is not imperative for the surface area to 
represent a flat surface, the surface area can also be a curved 
surface . 

A particularly favorable solution provides for the surface area 
to be defined by a section of a mathematical surface area 
extending in a continuous manner, i.e., the mathematical 
surface area has no point or step or other discontinuity in the 
section but extends in a continuous manner in order to give the 
gas discharge proceeding from this section no possibility or 
tendency to transfer into a spot mode. 
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The surface area, from which the diffuse gas discharge 
proceeds, has an appreciably large extension in relation to the 
cross-sectional surface area of the electrode end. The surface 
area preferably has an areal extension which corresponds at 
least to half of the cross-sectional surface area of the volume 
area at the first electrode end. It is even better when the 
surface area has an areal extension which is greater than two 
thirds of an average cross-sectional surface area of the volume 
area at the first electrode end. 

Since current must automatically flow through each electrode, 
each electrode is guided out through the outer member to an 
electrical connection, wherein, as a result, heat conduction 
from the electrode end to the outer member automatically 
results. A particularly favorable solution supporting the 
inventive concept provides for the first electrode end to be 
coupled to the outer member by way of heat conduction only via 
the electrode extending to an electrode opening in the outer 
member and, therefore, achieves essentially a uniformly high 
temperature in the surface area extended over the electrode end 
so that the predominantly diffuse gas discharge is formed 
proceeding from this surface area. This means that in this 
solution the bodily heat conduction from the electrode end to 
the outer member, which is, for its part, cooled, relative to 
the radiation cooling can be disregarded. This means that 
every solution is, in particular, excluded, with which the 
electrode experiences cooling by way of heat conduction near to 
the electrode end due to bodily contact with the outer member. 
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The heat conduction in the electrode to the outer member may be 
suppressed particularly well when the extension of the first 
electrode between an electrode opening of the outer member and 
the first electrode end relative to the average cross section 
of the first electrode is such that the extension is greater 
than ten times the average cross section of the electrode and 
so the heat conduction can be reduced solely as a result of 
this to a degree which can be disregarded in comparison with 
the radiation cooling. 

It is especially favorable, in particular, when in the first 
electrode the heat resistance between the first electrode end 
and the electrode opening is at least 10°C per Watt. 

With respect to the material to be used at the first electrode 
end, no further details have been given in conjunction with the 
preceding explanations concerning the inventive solution. It 
would, for example, be conceivable to use ceramics as material 
which must, however, have a sufficiently high conductivity for 
conducting current in order to keep the heating up of the 
electrode by the current supplied as low as possible. A 
particularly favorable solution does, however, provide for the 
first electrode end to consist of a high melting metal. 

With respect to the selection of the material for the first 
electrode end, it has proven to be particularly favorable when 
the material forming the first electrode end is provided with a 
dope additive which leads during operation to a lower electrode 
operating temperature than in the case of the undoped material. 
When the material is, in this respect, a metal, the dope 
additive has to be selected such that the electrode operating 
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temperature, i.e., the temperature of the electrode during a 
burning gas discharge is lower than in the case of the undoped 
material in order to suppress any vaporization or sputtering of 
the material to as great an extent as possible. 

In this respect, it is particularly expedient when the 
electrode operating temperature of the electrode end is lower 
than the melting temperature of the material of the electrode 
end in order to likewise prevent vaporization or sputtering of 
the material to a great extent. 

A particularly preferred solution for the material of the first 
electrode end provides for this to consist of tungsten, wherein 
the tungsten is preferably doped with a material, the work 
function of which for electrons is smaller than that of pure 
tungsten. 

The most varied of materials can be considered as doping 
materials. These materials may, for example, be oxides of the 
rare earths. 

It has proven to be particularly suitable when the first 
electrode end consists of tungsten doped with at least 0 . 1 % by 
weight of lanthanum. 

With respect to the maximum doping, it is particularly 
favorable when the first electrode end consists of tungsten 
doped at the most with 5 % by weight of lanthanum. 

With respect to the design of the first electrode itself, the 
most varied of solutions are conceivable. One particularly 



preferred solution provides for the first electrode to have a 
holding section passing through the electrode opening and 
consisting of a material which can be wetted by the material of 
the outer member and for an end section supporting the 
electrode end to adjoin this holding section. The advantage of 
this solution is to be seen in the fact that, with it, it is 
possible to select the material of the holding section such 
that as secure and sealed a connection as possible to the outer 
member can be provided in the region of the electrode opening 
and, on the other hand, to select the material of the end 
section such that the gas discharge burns in a suitable manner 
and vaporization and sputtering are avoided. 

In order to connect the holding section and the end section, 
the most varied of possibilities are conceivable. 

One possibility provides for the holding section passing 
through the electrode opening and the end section to be 
connected in a form-locking manner. Such a form-locking 
connection is designed, for example, such that one section 
engages in a recess of the other section. A form-locking 
connection which is as simple as possible is achieved in that 
the connection of the holding section and the end section is 
brought about via a sleeve-like form-locking member. 

Alternatively or in addition to the form-locking connection of 
holding section and end section it is preferably provided for 
the holding section of the first electrode passing through the 
electrode opening and the end section to be connected to one 
another by way of joining. A joining connection of this type 
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could, for example, be a hard solder connection or also a weld 
connection . 

Laser welding can preferably be provided for the production of 
the joining connection. 

With respect to the shape of the first electrode, no further 
details have been given in conjunction with the preceding 
embodiments. For example, any optional shapes are, in 
principle, conceivable. One shape of the first electrode which 
is favorable, in particular, on account of its simplicity 
provides for the first electrode to extend essentially as a 
pin-like member between the electrode opening and the first 
electrode end. 

In this respect, the end section can, in principle, be of a 
different design. In the simplest case, it is also provided 
for the end section to be designed as a pin-like member. 

Furthermore, it is provided in the simplest case for the first 
electrode end to have approximately the same cross section as 
the pin-like member. 

Alternatively thereto, it is, however, also conceivable for the 
first electrode end to have a cross section increased in size 
in comparison with the pin-like member. Such an enlarged cross 
section may be achieved, for example, in that the end section 
is designed as a thickened member. 

With respect to the start of the gas discharge, no further 
details have so far been given. One particularly advantageous 
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embodiment provides for a surface discontinuity to be provided 
at the first electrode end for forming a gas discharge starting 
in a punctiform manner at this discontinuity. As a result, the 
start of the gas discharge and, therefore, the triggering of 
the pumping light source are facilitated and, in particular, a 
start of the gas discharge at a defined point of the electrode 
end can be achieved as a result and so the starting conditions 
may be optimized. 

With respect to the explanations concerning the preceding 
embodiments, it has merely been defined that the first 
electrode is intended to act as a cathode. This definition of 
the first electrode merely relates to the electrical connection 
of the pumping light source. If the pumping light source is 
operated with direct current, one and the same electrode always 
remains the cathode. If, on the other hand, the pumping light 
source is operated with alternating current, the cathode 
changes and so each of the two electrodes is one time cathode 
and one time anode. As a result, the aforementioned features 
referring to the first electrode relate to both electrodes of 
the pumping light source. 

In this respect, the pumping light source may preferably be 
operated in a power range of approximately 0.1 kW to 
approximately 10 kW and in this power range the inventive 
advantages can be achieved with the inventive features. 

With respect to operation of a pumping light source, in 
accordance with one of the preceding embodiments, no further 
details have been given in conjunction with the preceding 
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solution, in particular, with respect to the starting 
procedure . 

It would, for example, be conceivable to cause the pumping 
light source to start from the beginning with a diffuse gas 
discharge . 

It is, however, particularly favorable when the gas discharge 
is started as an essentially punctiform gas discharge and, 
subsequently, transfers into a predominantly diffuse gas 
discharge. With a process of this type, the gas discharge may 
be started in a particularly simple manner and, in particular, 
defined manner but the desired diffuse gas discharge may then, 
however, be achieved. 

Additional features and advantages of the inventive solution 
are the subject matter of the following description as well as 
the drawings illustrating several embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 



shows a schematic illustration of a laser 
amplifying system with an inventive pumping 
light source; 



Figure 2 



shows an enlarged illustration of a first 
embodiment of an inventive pumping light 
source; 



Figure 3 



shows an enlarged illustration of a first 
electrode end of the first embodiment of the 
inventive pumping light source; 



Figure 4 



shows an illustration of the electrode end of a 
second embodiment of an inventive pumping light 
source; 



Figure 5 



shows a detail of an enlarged sectional 
illustration of a first electrode of a third 
embodiment of an inventive pumping light 
source; 



Figure 6 



shows an illustration of the first electrode 
similar to Figure 5 of a fourth embodiment of 
an inventive pumping light source; 



Figure 7 



shows an illustration of the first electrode 
similar to Figure 5 of a fifth embodiment of an 
inventive pumping light source; 
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Figure 8 shows an illustration of the first electrode 

similar to Figure 5 of a sixth embodiment of an 
inventive pumping light source; 

Figure 9 shows an illustration of the first electrode of 

a seventh embodiment of an inventive pumping 
light source. 



DETAILED DESCRIPTION OF THE INVENTION 



A laser amplifying system illustrated schematically in Figure 1 
comprises a laser-active medium 10, for example, a solid-state 
rod, in which a population inversion can be generated by way of 
optical pumping with pumping light 12, this inversion leading 
in the laser-active medium to the amplification of laser 
radiation 14 propagating, for example, transversely to the 
pumping light 12. 

The pumping light 12 can be generated by a pumping light source 
designated as a whole as 15 and is focused onto the laser- 
active medium 10, in addition, by an optical focusing means 16. 

The pumping light source 15 comprises a gas discharge unit 18 
which is enclosed by a cooling unit 20, wherein the cooling 
unit 20 is formed by an outer casing 22, preferably consisting 
of a suitable glass, which is optically transparent for the 
pumping light 12 and is provided, on the one hand, with an 
inlet 24 and, on the other hand, with an outlet 26 for a 
cooling medium 28 guided in the interior of the outer casing 
22. 

In this respect, the gas discharge unit 18 is arranged in the 
cooling unit 20 such that this preferably has the cooling 
medium 28 flowing around it over its entire circumference, 
wherein the cooling medium 28 preferably flows along an outer 
side of the gas discharge unit 18 in a longitudinal direction 
30 thereof. 
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In this respect, for the sealed closure between the outer 
casing 22 and the gas discharge unit 18, a respective seal 32 
and 34 is preferably provided between the outer casing 22 and 
an outer member 36 of the gas discharge unit 18 at the 
respective ends of the area of the outer casing 22, through 
which the cooling medium 28 flows in the longitudinal direction 
30. 

The outer member 36 is likewise formed from a material, 
preferably a suitable glass, which is optically transparent for 
the pumping light 12, and extends within the outer casing 22 of 
the cooling unit 20 in the longitudinal direction 30 from a 
first end area 38 to a second end area 40. 

A first electrode opening 42, through which a first electrode 
44 is guided through the outer member 36 in a sealing manner 
into an interior 45 enclosed by the outer member 36, is 
provided at the first end area 38. 

The first electrode 44 has an electrical connection section 46 
which is located outside the outer member 36 and proceeding 
from which a holding section 48 of the first electrode 44 
extends through the electrode opening 42 and is held by this 
relative to the outer member 36, wherein to achieve a gas-tight 
closure a connection between the material of the outer member 
36 and the material of the holding section 48 is preferred, 
with which the material of the outer member 36 wets the 
material of the holding section 48. 

The holding section 48 is connected at its end located opposite 
the connection section 46 by means of a connection 50 to a 
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front end section 52 of the first electrode 44 which then 
extends as far as the front electrode end 54. 

In this respect, the part of the holding section 48 extending 
beyond the electrode opening 42 as well as the connection 50 
and the front end section 52 of the first electrode 44 already 
extend in the interior 45 free from contact in relation to the 
outer member 36 and, preferably, at a distance from it which is 
approximately equal in all directions, wherein the outer member 
36 has in its electrode section 56 engaging around the first 
electrode 44 a cross section which is approximately equal to a 
cross section of the outer member 36 in a gas discharge section 
58 thereof. 

In the second end area 40, an electrode opening 62 is likewise 
provided for a second electrode which is designated as a whole 
as 64 and likewise has an electrical connection section 66, 
proceeding from which a holding section 68 extends through the 
electrode opening 62 and projects beyond this into the interior 
of the outer member 36 and bears a front end section designated 
as a whole as 72. 

The front end section 72 could be designed, for example, in the 
same way as in the case of the first electrode 44 but in the 
embodiment illustrated the front end section 42 is of a 
thickened configuration and extends as far as a second 
electrode end 74. 

In order to cool the front end section 72 of the second 
electrode 64, an electrode section 7 6 of the outer member 36 
enclosing the second electrode 64 is provided with a recessed 
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area 78 which has such a cross-sectional narrowing that the 
recessed area 78 abuts on the front end section 72 and 
contributes to the cooling thereof via heat conduction. 

During operation of the gas discharge unit 18, a gas discharge 
designated as a whole as 80 is formed between the first 
electrode end 54 and the second electrode end 74 , wherein in 
the embodiment illustrated the first electrode end 54 
represents the cathode while the second electrode end 74 forms 
the anode. 

On account of the fact that the first electrode end 54 is in 
bodily contact with the outer member 36 of the gas discharge 
unit 18 only via the extension of the first electrode 44 from 
the electrode opening 42 as far as the first electrode end 54, 
the cooling of the first electrode end 54 resulting via this 
bodily contact may be reduced due to corresponding dimensioning 
of the heat-conductive cross sections in the holding section 48 
as well as in the front end section 52 so that the electrode 
end 54 is cooled essentially only by radiation cooling and a 
volume area 82 is formed in the region of the first electrode 
end 54 which has essentially a uniformly high temperature which 
is caused, on the one hand, by the heat input on account of the 
gas discharge 80 which is formed and, on the other hand, by the 
radiation cooling already mentioned and the cooling via heat 
conduction to the electrode opening 42 which has already been 
mentioned and occurs to a slight extent. 

The volume area 82 therefore has, for its part, a surface area 
84 which likewise has essentially a uniformly high temperature 
and from which the gas discharge 80 proceeds in the form of a 
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gas discharge 80 in the diffuse mode, wherein the diffuse mode 
means that the gas discharge, in contrast to the spot mode, 
does not start in a more or less punctiform manner at the 
electrode end 54 but rather in the form of an areal start, 
determined by the surface area 84, wherein the surface area 84 
has an extension which corresponds at least to half of a cross- 
sectional surface area of the electrode 44 in the region of the 
electrode end 54, even better at least two thirds of the cross- 
sectional surface area which is determined, for example, in the 
case of a round cross section of the electrode end 54 by the 
diameter D of the front end section 52. 

In this respect, the surface area 84 is preferably of a step- 
free design, i.e., it has no points or sharp edges. 

However, it is also conceivable, as illustrated in Figure 4 in 
a second embodiment, to provide as surface area 84 1 a section 
from an optional mathematical surface 88, for example, a 
spherical cap which extends in a continuous manner, wherein it 
is ensured due to the continuous extension that, likewise, no 
corners, edges or points occur in the surface area 84' which 
would give the gas discharge 80 the possibility of transferring 
from the diffuse mode into the spot mode. 

In order to keep the cooling of the volume area 82 by way of 
heat conduction as slight as possible, it is preferably 
provided for the heat resistance in the first electrode 44 
between the first hot electrode end 54 and the cooled electrode 
opening 42 to be at least 10°C/W, even better to be greater. 
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This may be realized particularly favorably in that the average 
cross section of the first electrode 44 between the first 
electrode end 54 and the electrode opening 42 is smaller than 
one tenth of the distance between the first electrode end 54 
and the electrode opening 42. 

With respect to the material in the region of the first 
electrode end, tungsten is preferably used as high melting 
metal . 

The tungsten is thereby doped with a material which leads 
during operation to as low an operating temperature as possible 
in the surface area 84, preferably to an operating temperature 
which is lower than that of the undoped tungsten. Such 
temperatures are normally below 3000°C, preferably in the order 
of magnitude of approximately 2500°C. 

Lanthanum has proven to be expedient as doping material for the 
tungsten, wherein the doping can be in the range of 0.1 % by 
weight to 5 % by weight. 

Since the doping is decisive for the operation of the gas 
discharge and the formation of the diffuse mode only in the 
region of the front end section 52, the electrode 44 is, as 
already illustrated in Figures 1 and 2, subdivided into the 
front end section 52 and the holding section 48. 

The holding section 48 has, with respect to its material, no 
influence on the gas discharge but, on the other hand, is 
decisive for as permanent and stable a connection as possible 
to the electrode opening 42. 
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In this respect, the holding section 48 is preferably produced 
from tungsten which need not have any lanthanum doping. 

In order to ensure a permanent connection between the front end 
section 52 and the holding section 48, the connection 50 in a 
third embodiment illustrated in Figure 5 is preferably formed 
by a sleeve 90 which is provided with two bores, namely a bore 
92 for an end 96 of the holding section 48 and a bore 94 for an 
end 98 of the front end section 52, into which these engage and 
are, therefore, already connected in a form-locking manner. In 
addition, a joining connection by way of soldering or welding 
is preferably produced. 

Alternatively thereto, it is, however, also conceivable, as 
illustrated in Figure 6 for a fourth embodiment, to provide the 
connection 50 1 between the holding section 48 and the front end 
section 52 in the form of a welding of the ends 96 and 98 
abutting on one another. 

In a fifth embodiment, illustrated in Figure 7, the holding 
section 48 1 of the first electrode 44 1 extends not only through 
the electrode opening 42 of the outer member 36 but essentially 
as far as close to the electrode end 54 1 which, in this case, 
is formed by a front end section 52 1 of the electrode 44 1 which 
has an enlarged cross section. 

As a result, the heat conduction from the electrode end 54' to 
the electrode opening 42 via the small cross section of the 
holding section 48' may be reduced but due to the large cross 
section of the front end section 52' at the first electrode end 
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54' as large a surface as possible may be created and so the 
surface area 84, from which the diffuse gas discharge 80 
proceeds, can also have a very large extension in order to 
ensure the formation of the diffuse mode of the gas discharge 
80. 

In this respect, the front end section 52 can, as illustrated 
in Figure 7, have the shape of a piece of a cylinder which is 
arranged coaxially to the holding section 48', for example, in 
that the holding section 48' engages with its end 96 in a bore 
102 in the front end section 52 1 . 

The front end section 52' thus has an end face 104 which faces 
the gas discharge 80 and extends transversely, in particular, 
at right angles to the longitudinal direction 30 and, 
therefore, also in relation to the holding section 48 1 . 

In order to facilitate starting of the gas discharge, a surface 
discontinuity 106, for example, a projecting point is provided 
on the front end face 104 facing the gas discharge 80, this 
point being located, however, outside the surface area 84 and 
serving the purpose that, during the start of the gas 
discharge, this begins first of all in the spot mode at the 
surface discontinuity 106 and, subsequently, transfers into the 
diffuse gas discharge proceeding from the surface area 84. 

As a result, starting of the gas discharge can be made 
considerably easier and, in particular, provided in a defined 
manner at a location, at which an easier transfer into a 
diffuse gas discharge is possible. 
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For example, it would also be conceivable to guide the surface 
discontinuity 106 in a ring shape around the surface area 84. 

Alternatively to the provision of a point, such a surface 
discontinuity can, however, also be provided as a recess, 
thereby forming an edge, or as a shoulder, thereby forming an 
edge . 

In a sixth embodiment, illustrated in Figure 8, the front end 
section 52" is designed as a sphere with a diameter which is 
considerably greater than the diameter of the holding section 
48" so that at the electrode end 54" a mathematical spherical 
cap surface extending in a continuous manner is available for 
the formation of the extensive surface area 84, from which the 
diffuse gas discharge 80 proceeds. 

In a seventh embodiment, illustrated in Figure 9, the front end 
section 52" 1 is designed as a member shaped elliptically in the 
longitudinal cross section and rotationally symmetric to the 
holding section 48" ' of a pin-like design so that an extensive 
surface area 84, from which the diffuse gas discharge 80 
proceeds, can likewise be formed at the electrode end 54" f , 
wherein the surface area 84 represents a section from the 
continuous mathematical surface area in the region of the end 
of an ellipse. 

In all the embodiments 2 to 7 following the first embodiment, 
reference is made in full to the explanations concerning the 
first embodiment insofar as these embodiments are identical to 
the first embodiment and the same parts are used as in the 
first embodiment. 



